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Abstract 
 
Newcastle Disease is one of the serious viral infection disease in poultry, especially chicken. The etiological agent of 
Newcastle Disease is Newcastle Disease Virus (NDV). The objective of this research was to develop a method for determining 
pathotype of NDV in various species of poultry from field specimens rapidly and efficiently by using RT-PCR and REA method. 
This study was conducted for identification, differentiation and pathotyping of NDV from local isolates by using amplification of 
RT-PCR followed by REA of F protein encoding gene of NDV. To differentiate virulent and avirulent NDV, the RT-PCR 
product of F gene in size of 767 basepairs (bp) was analyzed by Hin  1l and Bam HI restriction enzymes. RT-PCR amplification 
for F gene NDV generated DNA fragments in size of 767 bp. RT-PCR and REA method by using Hin 1l and Bam HI enzymes 
can be used to determine pathotype of NDV from field specimens, for total ten field specimen samples of NDV, three samples 
are avirulent NDV and seven samples are virulent NDV. RT-PCR and REA methods are appropriate with DNA sequencing 
method to determine the NDV.  
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Nomenclature 
 
Hin 1l, Bam HI restriction endonuclease enzymes 
°C  temperature in Celsius 
NDV                    Newcastle Disease Virus 
μL  volume (microliter) 
μg  weight (microgram) 
bp  length of nucleotide (basepair) 
G, R, L, K, Q, F amino acids (glycine, arginine, leucine, lysine, glutamine, phenylalanine) 
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1. Introduction 
Newcastle Disease (ND) is a highly contagious viral disease of poultry and other bird species. This disease is 
characterized by gastrointestinal and respiratory signs often associated with nervous disorders with the mortality up 
to 100 %. In the world, ND is a major problem to commercial poultry industry1,2. The causative agent of ND is 
Avian Paramyxovirus Serotype-1 or APMV-1. This virus is synonymous with Newcastle Disease Virus (NDV) and 
it belongs to the genus Avulavirus, subfamily Paramyxovirinae, family Paramyxoviridae, and order 
Mononegavirales3. 
Different strains of NDV has been their great variation in pathogenicity for chickens. Strains of NDV have been 
classified into five patotypes on the basis of the clinical signs seen in infected chickens, namely: (i) viscerotropic 
velogenic which is a highly pathogenic form in which haemorrhagic intestinal lesions, (ii) neurotropic velogenic 
which presents with high mortality, usually following respiratory and nervous sign. (iii)  Mesogenic: which presents 
with respiratory signs, occasional nervous signs, but low mortality. (iv) Lentogenic or respiratory that presents with 
mild or subclinical respiratory infection. (v) Asymptomatic that usually consists of a subclinical enteric infection4.  
Velogenic NDV are the highly virulent. Based on the clinical signs, it can be differentiated as a velogenic 
viscerothropic and velogenic neurothropic. The mesogenic NDV are the moderate virulence that showing some 
clinical signs. The lentogenic NDV are the low virulence, which exhibits mild or not apparent clinical signs5. The 
virulence of NDV is associated with differences of the amino sequence surrounding the post translational cleavage 
site of the Fusion (F) protein5;6. NDV infection in chicken can be classified into virulent strain NDV which consist 
of velogenic and mesogenic pathotype and avirulent strain NDV as lentogenic pathotype which used as live vaccines 
development. The gold standard of ND diagnosis is virus isolation, but this method is not sufficient to confirm a 
diagnosis of ND and the virulence of NDV isolates must be characterized by determining the intracerebral 
pathogenicity index (ICPI). Isolation of NDV and determining ICPI are not rapid and take a long time to confirm. 
The rapid methods are required to confirm the diagnosis and enable differentiation pathotype of virulent and a 
virulent NDV which have developed a rapid pathotyping method which enabled to differentiate virulent and 
avirulent NDV strain7. Patotyping for NDV is important for differentiation the virulence of NDV strain from field 
specimens rapidly, in order to the spread of the disease can be prevented and strategies to combat the disease can be 
applied.   
Pathotyping of NDV is difficult to determine only by observing of clinical symptoms in the field. Rapid and 
precise method for pathotyping NDV is essential for laboratory diagnosis. The major problem of laboratory 
diagnosis for NDV is less rapid and take long time. Field diagnosis is based on the anamnesis of the infected 
chickens in flock, histopatological changes  and typically clinical symptoms of the infected chickens. The field 
diagnosis should be confirmed by laboratory examinations by the isolation and identification of NDV. Inoculation of 
NDV into embryonated chicken egg, serological tests, immunofluorescent and histopatological test are the 
diagnostic methods which used frequently for diagnosis of NDV infection. Analysis sequence of RT-PCR products 
are not suitable for routine and rapid diagnosis of ND. Aldous et al.8  used TaqManTM  probes to detect and 
pathotype of NDV isolates, but it has not to be proved effectively yet for routine laboratory diagnosis.  
Properly diagnosis for Newcastle Disease should be done early to prevent the spread of infectious agent to infect 
the healthy poultry. Rapidity, sensitivity and specificity of laboratory diagnostic method for ND is needed. In this 
study amplification of fusion (F) protein encoding gene which followed by DNA fragment digestion using Hin1l and 
Bam HI enzymes was carried out by restriction endonuclease analysis (REA) method for determining NDV 
pathotype easily and efficiently. The purpose of this research was to develop a method for determining pathotype of 
NDV in various species of poultry from field specimens rapidly and efficiently by using RT-PCR and REA method. 
 
 
2. Materials and methods 
2.1. Sample collection 
Ten virus isolates were collected from field specimens of various chickens, then they were  inoculated and 
propagated into specific pathogen free (SPF) embryonated chicken eggs. After more than 72 h post inoculation, 
NDV were harvested from chorioallantois fluid. Viral RNA was extracted from chorioallantois fluid and used as 
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template for RT-PCR amplification. As positive control, the viral RNA was extracted from live ND vaccine 
(Lasota). List of 10 NDV isolates which used in this study presented in Table 1.   
 
         Table 1. Isolates of NDV which collected from field specimens  
Sample No Sample Code  Species of Chicken Location 
1 0081/01/2013 Broiler Sleman, Yogyakarta 
2 0366/03/2013 Native chicken Bambanglipuro, Bantul 
3 0496/04/2013 Layer  Ginderejo, Karanganyar 
4 0627/04/2013 Broiler Kartasura, Karanganyar 
5 0663/04/2013 Native chicken  Galur, Kulon Progo 
6 0815/05/2013 Layer Pilangkenceng, Madiun 
7 0819/05/2013 Broiler Sukomoro, Magetan 
8 1860/11/2012 Native chicken Pengasih, Kulon Progo 
9 1651/11/2012 Broiler Galur, Kulon Progo 
10 1406/08/2013 Native chicken Trirenggo, Bantul 
 
Primer of specific oligonucleotide for RT-PCR amplification were purchased from PT. Genetika Science 
Indonesia. This primers were designed by Mase and Kanehira9. The primers flanked the region of cleavage site intpF 
protein encoding gene of NDV. The sequence of oligonucleotide primers were presented in Table 2.  
 
                       Table 2.  Sequence of oligonucleotide primer RT-PCR for amplification of  F gene NDV. 
Gene Target Primer Sequence RT-PCR Product 
F gene F: 5’-TGGAGCCAAACCGCGCACCTGCGG-3’ 
R: 5’-GGAGGATGTTGGCAGCAT-3’ 
 767 bp 
 
2.2. Amplification of F gene NDV by RT-PCR 
RT-PCR amplification was carried out in a 25 μL which consist of 10 pmol each of the forward and reverse 
primers, 200 μM dNTPs, 2× PCR buffer with 2 mM MgCl2, 2 μL RNA template, 2.5 U of Taq DNA Polymerase 
(Roche). RT-PCR cycle consist of  reverse transcriptase at 5 °C for 2.5 min,  denaturation of the DNA template at  
94°C for 30 s, annealing at 94°C for 2.5 min, 50°C for 30 s, extension at 68 °C for 1 min. The RT-PCR 
amplification was carried out for  40 cycles.  The amplification  proses  was  started by  pre denaturation at 94°C for 
2 min and finished by final extention at 68 °C for 5 min. The RT-PCR products were separated by their size in 1 % 
agarose gel stained with Fluoroesafe (0.5 μg · mL-1).  
2.3. Restriction Endonuclease Analysis (REA) 
REA was carried out by digestion of 2 μL RT-PCR product (767 bp) from each samples, which were subjected to 
resctriction endonuclease digestion with 10 IU of Hin 1l and Bam HI (Fermentas) enzymes at 37 °C for 3 h. All 
digested RT-PCR products were analyzed on 3 % agarose gel stained with Fluorosafe (0.5 μg · mL-1). 
 
2,4, Data Analysis 
 
Pattern of DNA fragments digested by Hin 1l and Bam HI enzymes which separated into 3 % agarose gel 
electrophoresis were analysed by using CLC sequencer viewer 6.8.1 and MEGA 5.0 software program. These results 
then compared with results of DNA sequencing  
 
3. Result and discussion 
 
Pathotyping of NDV was conducted by RT-PCR which followed by Restriction Endonuclease Analysis (REA). 
In this work the specificity of primers for RT-PCR amplifying of was showed by DNA fragment as amplicon in size 
of 767 bp from all virus isolates, both virulent and avirulent samples. The specificity of the RT-PCR amplification 
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was showed in negative control (-) by the absent of 767 bp DNA fragment as well as the presence of 767 bp DNA 
fragment in positive control (+).  Electrophoresis of RT-PCR products were presented in Fig. 1. 
 
Fig.1. Electrophoretic separation of RT-PCR products of F gene from NDV in agarose gel 1 %. Amplification products was a DNA fragment in 
size of 767 bp. RT-PCR products showed in all 10 field specimens from various avian species. Lane M is the DNA ladder 100 bp, lane N 
is non template control (NTC), whereas lane (-) is a negative control. Lanes 1 to 10 are field specimens from various species of birds. Lane 
(+) is positive control.    
 
Fig. 1 showed that amplification of partial F protein encoding gene was successfully accomplished in all 10 NDV 
isolates from various species of chicken and positive control from ND live vaccine (Lasota).  Hin 1l and BamHI 
restriction enzymes were used to digest and asses the restriction pattern of the NDV samples and positive control. A 
total of 10 isolates of NDV were differentiated of their patotype by REA method using restriction enzymes and 
digestion pattern into a 3 % agarose gel electrophoresis. NDV pathotype can be distinguished from digestion RT-
PCR products using restriction enzyme and then analysis of DNA pattern by electrophoresis to distinguish virulent 
and avirulent of NDV strain.  
First, Hin 1l enzyme was used to digest the RT-PCR products. This enzyme derived from the bacteria 
Haemophilus influenza RFL1. Hin1l enzyme will digest the sequence of nucleotides of the following 5 '... ↓ CGY 
GR C ... 3' and 3 '... CYGC ↑ R G ... 5', where R is a purine nitrogen base, namely adenine or guanine (A/G) and Y 
is a pyrimidine nitrogen bases, namely cytosine or thymine (C/T). The pattern of restriction digestion using Hin1l 
following electrophoresis on a 3 % agarose gel shown in Fig. 2.  
  
 
 
Fig. 2. Electrophoretic separation of RT-PCR REA products after digestion using Hin1l enzyme in agarose gel 3 %. Lane U is intact or undigest 
of DNA fragment in size of 767 bp. RT-PCR products showed in all 10 field specimens from various avian species. Lane 1, 3 and 9 are 
avirulent NDV because they were cut to be 4 DNA fragments. Lane 2,4,5,6,7, 8 and 10 are virulent NDV, because they are uncut DNA 
fragment and still intact. M is the DNA ladder 100 bp.  
 
Fig. 2 shown that restriction digest of RT-PCR products (767 bp) by Hin1l generated 4 DNA fragments in size of 
11 bp, 101 bp, 293 bp and 362 bp respectively for lane 1 (0081/01/2013), lane 3 (0496/04/201) and lane 9 
(1651/11/2012). These three isolates are avirulent NDV.  Whereas for lane 2 (0366/03/2013), lane 4 (0627/04/2013), 
lane 5 (0663/04/2013), lane 6 (0815/05/2013), lane 7 (0819/05/2013), lane 8 (1860/11/2012) and lane 10 
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(1406/08/2013), the Bam HI enzyme has not restriction site into DNA fragment of RT-PCR products (767 bp). In 
these 7 isolates the DNA fragment still intact and not digested by Hin 1l enzyme, it mean these isolates are virulent 
NDV. The restriction pattern of Hin 1l in this work were in agreement with the research of Mase and Kanehira9. It 
indicated that three samples are avirulent NDV and other seven samples are virulent NDV.  
Other restriction enzyme which used in this study was a Bam H1 which derived from the bacterium Bacillus 
amyloliquefaciens H. Bam H1 enzyme will cut the sequence of nucleotide of the following 5 '... G C ↓ GATC ... 3' 
and 3 '... CCTAG ↑ G ... 5 '. Pattern of restriction digest using Bam H1 is shown in Figure 3. Digestion by Bam HI 
restriction enzyme generated two DNA fragments of approximately 281 bp and 486 bp for avirulent NDV in lane 1, 
3 and 9 because it has only one restriction site into DNA fragment of RT-PCR products (767 bp), whereas in lane 2, 
4, 5, 6, 7, 8 and 10   are  the virulent NDV which resulted three DNA fragments in size approximately of 52 bp, 281 
bp and 434 bp respectively, because it has two restriction sites into RT-PCR products (767 bp).   
 
 
 
Fig. 3.  Electrophoretic separation of RT-PCR REA products after digestion using Bam HI enzyme in agarose gel 3 %. Lane U is intact or 
undigest of DNA fragment in size of 767 bp. RT-PCR products showed in all 10 field specimens from various avian species. Lane 1, 3, 
and 9 are avirulent NDV because they were cut to be 2 DNA fragments in size of 281 bp and 486 bp. Lane 2, 4, 5, 6, 7, 8, and 10 are 
virulent NDV, because they were cut to be 3 DNA fragments in size of 52 bp, 281 bp and 434 respectively. M is the DNA ladder 100 bp. 
 
Analysis of DNA sequencing shown that the sample no. 1, no. 3, and no. 9 are avirulent NDV. These results are 
consistent with the results of the REA using Hin1l and Bam HI enzyme, wherein the amino acid sequences in the 
low pathogenic NDV showed the presence of  leusine (L) at position 1172,10,11. The sample no. 4 and 7 have basic 
amino acids arginine (R) and K at no. 113, no. 115, and  no. 116 while the sample no. 5 has a basic amino acid at no. 
113 to no. 116. Based on the pattern of fragment DNA in REA, sample no. 4,  no. 5, and no. 7 are virulent NDV that 
has multiple basic amino acid arginine (R) or lysine (K) between amino acid no.113 to  no. 116 at the C-terminus of 
the F2 protein, which followed by  phenylalanine at position 1172,10,11. Table 3 showed the amino acid sequences no. 
112 to no. 17 in all of sequenced samples. 
  
Table 3. Sequence of amino acid no. 112 to no. 117 in cleavage site of F gene NDV.  
No. Sample Sequence of amino acid  no. 112 to no. 117 
1. Sample no. 1 G – R – Q – G – R – L 
2.  Sample no. 3 G – R – Q – G – R – L 
3. Sample no. 9 G – R – Q – G – R – L 
4.  virus ND low patogen1  G – K – Q – G – R – L 
E – R – Q – E – R – L 
G – R – Q – G – R – L 
R – R – Q – G – R – L 
K – R – Q – G – R – L 
5. Sample no. 4 R – R – Q – K – R – F 
6. Sample no. 7 R – R – Q – K – R – F 
7. Sample no. 5 R – R – R – K – R – F 
8. virus ND high patogen1 R – R – Q – K – R – F 
R – R – Q – R – R – F 
R – R – K – K – R – F 
G – R – Q – K – R – F 
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The amplification product of RT-PCR was 767 bp as reported by Mase and Kanehira9. This DNA fragment is a F 
protein encoding gene of NDV. Pattern of restriction digest by REA method using Hin 1l and Bam HI enzyme were 
analyzed using CLC sequence viewer 6.8.1 and MEGA 5.1. It indicated that RT-PCR and REA method with F 
protein encoding gene as a target can be identify the pathotype of NDV with rapid, precise and accurate. So, it can 
be used as a routine diagnostic method to detect and determine pathotype of NDV in poultry from various species.   
It shown that amplification of viral RNA by one step RT-PCR method for F gene of NDV which followed by 
REA using Hin 1l and Bam HI restriction enzymes has the ability to distinguish of avirulent and virulent isolates of 
NDV. This method is able to amplify NDV in various chicken species such as, broiler, layer and native chicken.  It 
has the potency for diagnosis of dual infections by virulent and avirulent NDV as reported by Alexander et al.12.          
4. Conclusion 
Amplification of F gene NDV by RT-PCR generated DNA fragments in size of 767 bp. RT-PCR and REA 
method by using Hin 1l and Bam HI restriction enzymes can be used to determine pathotype of NDV from field 
specimens, for total ten samples of NDV,  three samples are avirulent NDV and seven samples are virulent NDV. 
RT-PCR and REA methods is appropriate with DNA sequencing method to determine the pathotype NDV.    
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